after each surgical procedure in patients who develop these clinical conditions and so the success rate of treatment decreases after each surgical procedure (23).
When it is considered that EF is developed after an inflammation process, there are many cytokines and growth factors that may be effective in this process, and also there are many █ INTRODuCTION E pidural fibrosis (EF) is defined as exaggerated tissue fibrosis in the epidural space after spinal surgery (34). Exaggerated tissue fibrosis may lead to the recurrence of complaints in the postoperative period by causing excessive adhesion in the dura mater and nerve roots. This clinical condition is called failed back surgery syndrome (FBSS) (20, 34, 35) . FBSS was reported to develop in 8-40% of patients who undergo lumbar laminectomy (3) . The clinical significance of this syndrome is to increase the probability of complications such as dura mater and nerve injuries and epidural haematoma when these patients are operated on again (6, 14, 32) . Moreover, this exaggerated response occurs AIm: To investigate the effects of local and systemic administration of etanercept on the formation of epidural fibrosis. mATERIAl and mEThODS: Twenty-eight rats were randomly divided into four equal groups (Control, Spongostan TM , Local etanercept and Systemic etanercept) and laminectomy was performed between T11 and L1 in all rats. Spongostan TM was soaked with saline (0.1 mg/kg), local etanercept (300 µg/kg) was applied with Spongostan TM and systemic etanercept (300 µg/kg/week) was applied subcutaneously. Four weeks later, the vertebral column from T9 to L3, including the paraspinal muscles and epidural scar tissue, was removed en bloc, and epidural fibrosis and arachnoidal involvement were graded and evaluated histopathologically.
cells that synthesize and transfer these substances to the medium. It can be said that all of these may be effective on the formation of EF. Tumour necrosis factor-alpha (TNF-α) is one of these cytokines and a pro-inflammatory cytokine. It is synthesized and displays an effect in immune and non-immune cells such as macrophages, T cells, fibroblasts, mast cells and smooth muscle cells (31) . Therefore, a decrease in TNF-α synthesis or its blockade at the receptor level can reduce the formation of EF.
Etanercept, which has been developed to reduce the effectiveness of TNF-α, is a fusion protein of type II TNF receptors. Moreover, it neutralizes the effectiveness of TNF-α receptors by specifically binding to them (5, 22, 32) . Etanercept has been shown to be effective in the treatment of rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and scleroderma (5, 13, 15, 27) . In addition to these, it was reported in an experimental study that local administration of etanercept reduced EF (32) .
The purpose of this study was to investigate its effects on the formation of EF after local and systemic administration of etanercept, which was previously reported to inhibit the formation of EF in an EF model in rats.
█ mATERIAl and mEThODS

Animals
Adult Wistar albino rats weighing approximately 250-300 g were used in the study. All experimental protocols conducted on the animals were consistent with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals and approved by the Local Ethics Committee on Animal Care (Adnan Menderes University, approval number: 64583101/2016/62, approval date: 25 February 2016).
Experimental Groups
Group 1: Control (C), (n=7); only T12 total laminectomy was performed; no treatment was administered.
Group 2: Spongostan TM (S), (n=7); T12 total laminectomy was performed and distilled water was applied with Spongostan TM on the laminectomy area.
Group 3: Local etanercept (LE), (n=7); T12 total laminectomy was performed and 300 µg/kg etanercept (Enbrel, Amgen and Pfizer, Immunex Corporation, Thousand Oaks, CA9132020, USA) was applied with Spongostan TM on the laminectomy area.
Group 4: Systemic etanercept (SE), (n=7); T12 total laminectomy was performed, and 300 µg/kg/week etanercept was given subcutaneously for 4 weeks.
Surgical Procedure and Sample Preparation
The rats were kept between 22 and 25 °C. Humidity was at an average level and the light-dark cycle was adjusted to 12 h light-12 h dark. The rats had access to food and water ad libitum. Intraperitoneal injection of 10 mg/kg xylazine (Rompun, Bayer, Turkey) and 50 mg/kg ketamine (Ketalar, Parke-Davis, Turkey) was used to anaesthetize the rats while they breathed spontaneously. The body temperatures of the rats were kept at 37 °C by placing them on a heating pad, and they were kept in the prone position. The lower-back parts of the rats were shaved, and the operational area was sterilized with povidone. The same surgeon performed the whole procedure. An incision was taken through the skin as a longitudinal midline over the T10-L2 levels. The thoracolumbar fascia was incised and the paravertebral muscles were dissected in a subperiosteal manner. The T10-L2 laminae were exposed after this procedure. A total laminectomy was performed at the T12 level, then the ligamentum flavum and epidural fat tissues were removed from the surgical site. The dura mater was fully visible at this time and was left intact. Cotton pads were used to achieve haemostasis. The wounds were closed in anatomical layers with 4-0 polypropylene suture after administration of the topical agent. The animals were sacrificed on the 30 th postoperative day. The vertebral columns of the rats were removed en bloc between T9 and L3.
histopathological Evaluation
The vertebral column from T9 to L3, including the paraspinal muscles and epidural scar tissue, was removed en bloc and placed in 10% neutral buffered formalin solution for fixation. The specimens were decalcified in 10% formic acid for approximately 7 days. After decalcification, tissue samples were taken from the laminectomy areas. They were washed with tap water and after that were passed through routine tissue processing. Then, the specimens were embedded in paraffin. Four-micron axial sections of the samples were cut and stained with haematoxylin-eosin and Masson's trichrome stains. All histopathologic sections were evaluated by a pathologist blinded to the treatment groups. The same pathologist also analysed arachnoid involvement and EF grade.
Fibrous tissue was examined in haematoxylin-eosin and Masson's trichrome-stained sections using an Olympus BX52 microscope and photographed using an Olympus DP 25 camera. The extent of the EF along with the dura mater was evaluated according to the scale described by He et al. (9) . The presence of arachnoidal involvement was also noted.
Grade 0: The dura mater was free of scar tissue.
Grade 1: Only thin fibrous bands were observed between the scar tissue and dura mater.
Grade 2: Continuous adherence was observed in less than two-thirds of the laminectomy defect.
Grade 3: Scar tissue adherence was large, affecting more than two-thirds of the laminectomy defect, or the adherence extended to the nerve roots.
Statistical Analysis
Data analysis was performed using SPSS. Descriptive statistics for ordinal variables are represented as 25 th percentile-75 th percentile. The Kruskal-Wallis test was used for the determination of statistical significance between groups regarding the density of EF. For arachnoidal involvement, we used Pearson's chi-square by computing the exact p-value and the results were shown as frequencies. Statistically significant p-values were determined as < 0.05.
RESulTS
Complications Associated with wound Recovery and medical Practice
No adverse effects of etanercept were seen in the wound area and the peripheral tissues. In addition, no infection, cerebrospinal fluid collection, rash or haematoma secondary to laminectomy was seen in the wound area. No paraplegia or paraparesis was observed in the groups.
histopathological Evaluation
The groups were histopathologically graded according to the He et al.'s (9) scheme. Grade 2 and 3 EF was observed in two and five rats, respectively, in Group 1 ( Figure 1A ). Grade 1, 2 and 3 was observed in three, three and one rats, respectively, in Group 2 ( Figure 1B ). Grade 1 and 2 EF was observed in five and two rats, respectively, in Group 3 ( Figure 1C ). Grade 0 and 1 was observed in one and six rats, respectively, in Group 4 ( Figure 1D ). These results showed that systemic and local administration of etanercept was superior to total laminectomy in reducing EF (p<0.001, p=0.016)( Table I) . When the groups were compared with each other, there was no statistically significant difference between the local etanercept and systemic etanercept groups (p>0.05) (Figure 2 ).
The groups were evaluated in terms of arachnoid involvement. While it was found in four rats in Group 1, one rat in Group 2 and one rat in Group 3, it was not seen in Group 4. These results showed that the local and systemic administration of etanercept was effective in reducing arachnoid involvement compared to only total laminectomy but there was no statistically significant difference between the groups (Table I, Figure 3 ).
█ DISCuSSION
EF occurs as a result of the natural inflammatory process. However, EF that occurs at the end of the natural healing process leads to the retraction of the dura mater and nerve roots by causing adhesions around them, and it also causes unwanted effects such as the emergence of complaints before reoperation. Therefore, EF is a significant problem in the long term. Many authors believe that the best way to protect against unwanted effects of EF is to prevent the formation of EF (28) . Therefore, the literature contains many studies performed to prevent EF. In these studies, autologous fat grafts, Silastic, gelfoam, recombinant plasminogen activator, polyvinyl alcohol hydrogel membrane and carbohydrate polymers were used (8, 11, (16) (17) (18) . Despite these agents, an effective treatment was not developed (35) .
When it is considered that EF occurs as a result of the natural inflammatory process, TNF-α and other cytokine levels increase in response to the stress that has developed after injury. TNF-α is a pro-inflammatory cytokine and is presented as a transmembrane protein or a soluble cytokine in many immune and non-immune cells, especially activated macrophages and others such as T cells, mast cells, granulocytes, natural killer cells, fibroblasts, neurons, keratinocytes and smooth muscle cells (2, 7, 31) . TNF-α interacts with TNF receptor-1 (TNFR1) and TNF receptor-2 (TNFR2) which are structurally similar but functionally different from each other. TNFR1 is expressed by all cells except red blood cells and TNFR2 is generally expressed by endothelial cells and immune cells (2) . TNF-α increases the expression of adhesion molecules, such as endothelin-1, E-selectin, intercellular adhesion molecule (ICAM-1) and vascular cell adhesion molecule (VCAM-1) in endothelial cells (1) . In addition, it has been reported to increase the proliferation and differentiation of fibroblasts and the formation of α-smooth muscle actin (α-SMA) and extracellular matrix via transforming growth factor-beta 1 (TGF-β1) (1, 26) . In studies related to EF, TGF-β1 was reported to play a key role in its formation (36) .
TNF-α has been determined to have these effects on immune and non-immune cells and so anti-TNF-α agents have been thought to be effective in the treatment of diseases such as rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and scleroderma. This situation has been proven in some studies (5, 13, 15, 27) . Etanercept (an anti-TNF-α agent) is a fusion protein of TNFR2 receptors and binds as a competitive inhibitor to two of three receptor-binding sites on the TNF trimer and so protects cell membrane receptors from the effects of TNF (4, 18) . Etanercept has been used in experimental studies (15, 32) . When studying the efficacy of anti-TNF-α agents on the formation of EF, Turkoglu et al. reported that when 300 µg/ kg etanercept was administered locally, it had a statistically significant effect in reducing EF compared to the control group but there was no statistically significant difference between the two groups in terms of arachnoid involvement. The researchers reported that etanercept could display this effect by reducing TGF-β levels in addition to directly blocking TNF-α (32).
In our study, the dose of etanercept was adjusted based on the study of Turkoglu et al. (32) , and systemic administration of etanercept was investigated to be effective in the formation of EF. The results of our study showed that the systemic and local etanercept administrations were significantly more effective in preventing EF when compared with the control group. There could be many reasons for this effect. In studies in the literature examining the process of inflammation in wound healing, it was reported that TNF-α increased the expression of adhesion molecules, such as endothelin-1, E-selectin, ICAM-1 and VCAM-1 in endothelial cells and also the proliferation and differentiation of fibroblasts and the formation of α-SMA and extracellular matrix via TGF-β1. However, in studies related to EF models, the proliferation and differentiation of fibroblasts and the formation of α-SMA and extracellular matrix were reported to play an important role, especially in the formation of EF. Therefore, inhibition of TNF-α appears to be an effective method of preventing EF. In studies related to anti-TNF-α agents, the use of anti-TNF-α agent was shown to reduce the TGF-β1 level in serum and the number of α-SMA positive cells and the amount of OH-proline in tissue (15) . Moreover, in studies on the efficacy of anti-TNF agents on the inflammation process, they were reported to reduce 
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In the literature, anti-TNF agents were shown to cause a reduction in TNF expression after 2 weeks of use. Moreover, the use of etanercept for 3-12 weeks was reported to cause a reduction in VEGF expression (25, 33) . Therefore, systemic etanercept administration may be more effective in preventing EF compared to local etanercept, as systemic etanercept was administered for 4 weeks and was applied at four times higher doses compared to the local etanercept group in our study. In contrast to this, use of etanercept for a long period, such as in rheumatoid arthritis patients, may increase delayed spinal infection (21) .
There are a few limitations of the study. Firstly, the study had a limited number of rats. Secondly, different doses and durations of etanercept should also be investigated.
█ CONCluSION
Administration of systemic etanercept is more effective for preventing EF, but there is no difference between local and systemic etanercept administration. As the effect of etanercept depends on dose and time of administration, further studies are needed to determine the optimal dosage and duration for preventing EF. the expression of adhesion molecules such as vascular endothelial growth factor (VEGF), VCAM-1, ICAM-1 and E-selectin (24, 25, 29) . When the effects of anti-TNF agents are considered, they seem to be able to influence wound healing phases such as haemostasis, inflammation and proliferation. In our study, when we examined the laminectomy areas in the pathological specimens, it was observed that fibrosis density was decreased in the laminectomy areas, especially during systemic administration of etanercept. When these findings are considered in light of the literature, it is shown that etanercept reduced cell proliferation and fibrosis formation and this situation resulted in a decrease in EF. These findings support that etanercept (an anti-TNF-α agent) can display this effect by inhibiting TNF-α and TGF-β1.
Another result of our study is that there were no statistically significant differences between the local and systemic etanercept administration groups in preventing the formation of EF and arachnoidal involvement. In addition, systemic etanercept administration was more effective in preventing EF compared to local etanercept. There could be many reasons for these findings. The efficacy of etanercept (an anti-TNF agent) was reported to be dose-dependent (5) . Moreover, another reason is that it may be related to the time of administration. 
